Abstract -Development of soil and groundwater remediation technologies is a matter of great importance to eliminate historically and currently contaminated sites. Stabilization/solidification (S/S) refers to binding of waste contaminants to a more chemically stable form and thus diminishing leaching of contamination. It can be performed using cement with or without additives in order to stabilize and solidify soil with the contamination in matrix. A series of experiments were done to determine leaching properties of spiked soils of different texture bound with cement. Results of experiments showed, that soil texture (content of sand, silt and clay particles) affects the leaching of heavy metals from stabilized soils.
I. INTRODUCTION
Development of soil remediation technologies is a matter of great importance to eliminate historically and currently contaminated sites because pollution deteriorates environmental quality and possibilities of site operation [7] . The aim of remediation activities is to transform contaminated land into useful one, to conserve land resources, to improve environmental conditions in the contaminated site and around it, to reduce risks to humans and the environment. Remediation means actions taken to clean-up, mitigate, correct, abate, minimize, eliminate, control and contain or prevent a release of a contaminant into the environment in order to protect human health and the environment, including actions to investigate, study or assess any actual or suspected release [21] .
Stabilization / solidification (S/S) technologies are based on the treatment of contaminated soils with materials such as cements and siliceous pozzolans and it can be employed in situ or to the excavated material. As a result, the mobility of the contaminant is reduced by physical-chemical processes. Solidification of the polluted substrate with cement restricts its contact with groundwater and air. Cement and siliceous pozzolans react with metals and cause the formation of hydroxides, carbonates and silicates of very low solubility. This treatment is not efficient for heavy metals that form soluble hydroxides or anion species [12] .
S/S technologies have been used for decades as the final treatment step prior to the disposal of both radioactive and chemically hazardous wastes. The stabilization refers to an alteration of waste contaminants to a more chemically stable form, thereby resulting in a more environmentally acceptable waste form. Typically, the stabilization processes also involve some form of physical solidification [15] .
The environmental impact caused by the materials is not determined by their total content of pollutants, but by the amount of pollutants that water can dissolve and leach into the soil, thereby reaching the surface and/or groundwater [11; 14] .
Natural soils are often complex assemblages of soil fractions, components and possibly contaminants, and S/S treatment introduces new components which react through complex chemical interactions to produce more stable forms with less mobile components. However, long-term effectiveness and chemical durability of S/S treated materials are still not well known [4] . This creates a scenario where evaluations of stabilized material are undertaken without an understanding of the interactions and controlling factors [10] .
Leaching time could represent one of the most important factors that influence the release of metals during a batch test. The time may influence the quantity of contaminant leached, unless equilibrium conditions are established [8] .
Different tests of varying complexity and purpose are needed to address the variety of questions that can be met in practice, as outlined in detail by Kosson et al. [11] . Leaching under natural conditions resulting from rainfall in on-site applications would be less than the values observed in laboratory tests. However, such tests could provide information on leaching behavior under special conditions or to provide information on the available amount of a contaminant for leaching [8] .
The aim of this study is to give an assessment of heavy metal leaching from S/S remediated soils depending on the granulometric composition or soil texture. Thus, leaching behavior of copper was analyzed by implementing batch leaching procedure to stabilized samples under laboratory conditions.
II. MATERIALS AND METHODS
Mineral soil samples were collected in field works from 10 soil profiles of varied soil granulometric composition or soil texture, determined according to guidelines for soil description [20; 1] . As can be seen from Table I , soils had been taken in order to represent various soil textural classes, covering wide range of spectrum for sand, silt and clay proportion.
At the Soil Laboratory of the Faculty of Geography and Earth Sciences, University of Latvia, air-dried soil samples were sieved through a 2-mm sieve. To determine particle sizes, samples were treated with 0.1 M NaOH to break down aggregates. Sands were sieved and fractions finer than 0.05 mm were determined by pipette analysis [2] . On the basis of the USDA soil texture classes, the fractions from 0.063 to 2.0 mm were classified as sand, those from 0.002 to 0.063 mm were classified as silt, and those finer than 0.002 mm were classified as clay [19] (see Tab. 1). The percentage of sand, silt and clay was calculated from fine earth (<2 mm fraction). Soil pH KCl was measured with a glass electrode in 1 M KCl (1:2.5 mass-to-volume ratio) in triplicate. Afterwards samples were sieved again and weighted for two different procedures: 10 samples were spiked with copper sulphate in order to apply known contamination of 300 mg/kg in those, but 10 samples of the same soil were not. All 20 samples were bound with ordinary Portland cement (class 500) with the mixing ratio 10:1 (10%).
The primary purpose of Portland cement grade PC500-D20 (CEM II/A-S 42,5N) is fabrication of concrete and reinforced concrete structures, surface, underground and underwater structures affected by fresh water. It is also used for building mortars preparation. Portland cement clinker is manufactured by burning at high temperature a raw meal consisting mainly of limestone and clay [9] . In recent years, an increase in the content of trace elements such as heavy metals in cement has been observed [18; 3] . It can influence the heavy metal content in bound samples therefore: 10 samples were prepared spiked with known contamination, but other 10 of same original granulometric composition without it. All bound with cement samples were left for 10 days of stabilization and solidification procedure in special molds having normal pressure and temperature +20°C. After 10 days of solidification, the samples were taken out of molds, crushed and sieved through 2 mm sieve and carefully mixed for the homogenous spread of contamination in each sample.
During the batch leaching test vessels were filled with distilled water till a liquid-to-solid-ratio of 10:1 (referred to the dry sample). Under continuous agitation at the rate 100 RPM, the batch leaching test was done for samples with agitation time periods of 1, 4 and 24 hours. The pH H2O level was measured for all samples after each period. After this time the solution is let to set down for about 10 minutes. For the determination of inorganic compounds the solution was filtered through a 0,45μm filter. Afterwards content of leached metals was determined by atom absorption spectrometry method. Fig. 1 and 2 depict results with already calculated Cu mass losses from samples, using the relevance L/S 10:1.
III. RESULTS AND DISCUSSION
Setting time of a cementitious mixture is referred to as the period when water is introduced into the mixture system to the onset of hardening. Final setting time is defined as that at which the 5-mm cap ring left no noticeable mark when placed on the surface of the mortar mixture [17] . Stabilized / solidified waste acceptance criteria can be used to evaluate the effectiveness of the treatment. This criterion is chosen because S/S technology is widely used for treatment and two main parameters are measured for determination of the effectiveness of remediation -unconfined compressive strength (UCS) and leachability limits. UCS is not the point of the study, but regulatory leachability limits are most important in this case, in order to see the effectiveness of binding. Therefore regulatory limits at a disposal site in the United Kingdom [16] is given, which is 5 mg/L or comparing to results in fig. 1 and 2, would be 50 mg/kg, if the L/S ratio 10 is applied like in this study case.
The pH H2O values of all leachates were essentially alkaline and during the agitation pH H2O was increasing in all cases, this trend can be easily seen in results of Table II .
Copper concentration in leachates of crushed and sieved samples, which were agitated for different time periods is increasing with time, this trend is obvious for natural samples with the binder as well as for spiked samples with Cu and bound with cement. Fig. 1 and 2 depict results with already calculated Cu mass losses from samples, using the relevance L/S 10:1. In the diagram in Fig. 1 trends of leaching comparatively to the length of the agitation period for not contaminated (spiked with Cu and bound with cement) soil can be seen. Copper concentration in liquid is growing with the increasing of the agitation time. These values mostly can be taken as the reference for evaluation comparatively to the diagram in Fig. 2 , which shows copper leaching from the spiked soil with Cu with determined concentration of 300 mg/kg and bound with cement. Table 1 .
Comparing leaching results in a time period, were observed, that there is a proportional difference between results gained from eluate after 1h and 24 h both from not spiked and spiked soils bound with cement. The ratio between leached Cu in 24h and amount in 1h of agitation for not spiked bound soils varies from 2.46 to 3.78 (average 2.97), but for spiked with Cubetween 3.31 and 6.98 (average 5.38). The difference between results of 4h and 1h agitation has shown that faster leaching speed has been detected from samples nr. 3, 5, 9 and 10, which has very different soil particle size distribution. Possible that particle size in bound S/S remediated soils has a little role in leaching process. Nevertheless sandy loam (samples 1-4) according the description of field notes itself has very heavy and dense structure as clays have. Results of leaching results at graph in Fig. 2 show trends, that diminished leaching can be outlined for samples 1, 2, 4 (heavy sandy loam) and 9 (clay). It is possible that contaminants as copper in this case is leaching less not because of particle size, but it is more connected with the presence of more clay minerals in bound matrix. Further experiments must be performed in order to gain more information about clay mineral additives, which would increase sorption capacity of contaminants. Another goal of soil cementing in matrix is to increase the pH in soil, what is diminishing efficiently the leaching speed of cationic heavy metals [5; 6; 13] . This study experiment included crushing and sieving of the bound matrix, thus itself increasing the possibility of contaminant leaching. In real examples physical stabilization of soil blocks as the solidified mass will have less leaching because of less intensive groundwater and precipitation impact to leaching as was performed during the intensive batch leaching test of 24 h. Tank as well as column leaching tests can be applied in order to get additional results with less extreme leaching results closer to the real environmental model. This experiment has shown that less intense copper leaching is characteristic to soils with texture classes of sandy loam and clay.
IV. CONCLUSIONS
Remediation of contaminated areas by stabilization / solidification (S/S) technology is closely connected with the development degree of engineering science and empirical knowledge supported by new experiments done in this field. Various leaching tests are provided in order to give information about behaviour of different contaminants in stabilized solidified soils. Leaching in S/S remediated soils is diminished, and it certifies effectiveness of this technology.
This study was performed to gain data about copper leaching in soils of different texture bound with ordinary Portland cement of class 500. Two series of leaching test were done for spiked and not spiked with copper soils, remediated by cement.
Results have shown that less intense copper leaching is characteristic to soils with texture classes of sandy loam and clay. Further experiments of S/S, leaching tests, compression tests as well as freeze-thaw tests must be performed for contaminated and spiked with trace elements soils in order to research trends of leaching and find better recipes of binder material.
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